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Aim: To compare four approaches in primary repair of inguinal hernia as regards operative and post-
operative outcome.
Methods: One hundred consecutive patients with primary inguinal hernia Nyhus I–III were randomized
into four groups. Group I had open pro-peritoneal repair, group II had Lichtenstein tension-free mesh
repair, group III had Transabdominal pro-peritoneal (TAPP) repair while group IV had laparoscopic totally
extraperitoneal (TEP) hernia repair.
Results: Operative time ranged from 10.71 to 120.61 min. Laparoscopic operations were signiﬁcantly
longer than open operations (54.5þ 13.2, 34.21þ 23.5 versus 96.12þ 22.5, 77.4þ 43.21; t¼ 3.891,
p< 0.001). Open pro-peritoneal approach had signiﬁcantly longer operative time compared to Lichten-
stein approach (54.5þ 13.2 versus 34.21þ 23.5). Postoperative pain was signiﬁcantly higher in patients
who had open repairs (7.067þ 1.831, 6.5þ 3.5 versus 5.8þ 1.568, 4.8þ 2.33; t¼ 3.424, p¼ 0.002). There
was one case of conversion in each of the two laparoscopic groups. Laparoscopic operations were
associated with signiﬁcantly faster return to normal domestic activities and to work.
Conclusion: Laparoscopic hernia repair offers less postoperative pain and faster recovery on the expense
of longer operative time. TEP and TAPP laparoscopic techniques gave similar results.
 2009 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Inguinal hernia repair is the most frequently performed opera-
tion in general surgery. The standard method for inguinal hernia
repair had changed little over a hundred years until the introduc-
tion of synthetic mesh. The next milestone in hernia repair might
be the introduction of laparoscopy. Extensive and sound clinical
research is, however, required to set a new ‘‘gold standard’’ for
hernia repair.1,2
To date, the current evidence does not show clear evidence to
support laparoscopy for the routine repair of inguinal hernia.3–7
Among the published studies comparing open and laparoscopic
hernia repair, it was noted that only four studies were concerned
solely with the repair of primary inguinal hernia.8–11 The present
work aimed at comparing four approaches in primary repair of
inguinal hernia: open pro-peritoneal repair, Lichtenstein tension-
free mesh repair, Transabdominal pro-peritoneal (TAPP) repair and
totally extraperitoneal (TEP) repair as regards operative time, post-
operative pain, postoperative complications, length of hospital stay,
time to return tousual domestic activities and time to return towork.).
ciates Ltd. Published by Elsevier Lt2. Patients and methods
This double blinded prospective randomized trial was con-
ducted on 100 consecutive male patients with primary inguinal
hernia Nyhus I–III admitted to the Department of surgery of the
Alexandria Main University Hospital. Patients were randomized
into four groups by random number allocation, twenty-ﬁve
patients each. Group I had open pro-peritoneal repair, group II
had Lichtenstein tension-free mesh repair, group III had Trans-
abdominal pro-peritoneal (TAPP) repair while group IV had
laparoscopic totally extraperitoneal (TEP) hernia repair. The study
was approved by the ethical committee of the Faculty of Medicine,
University of Alexandria. An informed consent was obtained from
every patient.
The study population was restricted to adult male patients.
Exclusion criteria were: patients with recurrent, irreducible or
obstructed hernia; patients with previous lower abdominal
operations (other than appendectomy), patients with coagulo-
pathies and those with obstructive airway disease, constipation or
obstructive uropathy.
All patients underwent thorough clinical examination and
laboratory work up. All operations were performed by the one
surgeon. He is a consultant surgeon. The results of the trial were
recorded by a medical ofﬁcer who was not involved in the surgery.d. All rights reserved.
Table 1
Demography of the study population.
Character Pro-peritoneal Lichtenstein TAPP TEP Test of sig.
Age (meanþ SD) 35.67þ 12.965 35.12þ 10.11 36.73þ 12.06 34.91þ 13.0 t¼ 0.864, p¼ 0.393
BMI (meanþ SD) 22.2þ 1.568 24.34þ 14.22 22.4þ 1.242 23.2þ 5.3 t¼ 0.555, p¼ 0.582
Smoking 11 10 11 9 c2¼ 0.417, p¼ 0.519
Heavy weight lifting 8 8 9 10 c2¼ 0.102, p¼ 0.749
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induction of anaesthesia and including the time required for the
setup of the laparoscopy.
Postoperative pain was assessed using the Visual Analog pain
scale (VAS) which is a 10 points scale where 0 means feeling no
pain while 10 means the worst possible pain. Intensity of pain was
recorded twice: 6 h postoperatively andmid-day on the second day
postoperative. Postoperative hospital stay was recorded in days.
The period, in days, required for the patient to resume his
normal domestic activities namely going to the toilet, showering,
self dressing and driving were calculated. The period, in days,
required for the patient to return to work was calculated.
Patients were followed up through outpatient clinic visits
arranged at 2, 12 and 24 weeks postoperative.
The data were analyzed using SPSS version 11 software. T or c2
tests were used for signiﬁcance at a level of error of 5%. Mont Carlo
test was used to compare small numbers.3. Results
One hundred adult male patients with primary inguinal hernia
were recruited for the study. They were randomly divided into four
groups. The groups were comparable, with no signiﬁcant statistical
difference, as regards age, body mass index (BMI), risk factors such
as smoking and heavy weight lifting as shown in Table 1
All patients had indirect inguinal hernia.
Operative time ranged from 10.71 to 120.61 min. Laparoscopic
operations were signiﬁcantly longer than open operations. There
was no signiﬁcant difference, however, between TEP and TAPP
approaches. Open pro-peritoneal approach had signiﬁcantly longer
operative time compared to Lichtenstein approach (Table 2).
Postoperative pain scores recorded 6 h postoperatively were
signiﬁcantly higher in patients who had open repairs compared to
those who had laparoscopic repairs. They did not however differ
signiﬁcantly between the TEP and TAPP repairs or between the two
open repairs. This remained the case for pain scores recorded in the
second postoperative day as shown in Table 3.
There were no serious visceral complications in any of the four
groups of the study. One case had to be converted from TEP to TAPP
approach because the peritoneumwas inadvertently opened while
developing the pro-peritoneal pocket at the start of the operation.
This led to collapse of the working space. Attempts at deﬂation of
the peritoneum using an intra-peritoneal versus needle failed. So,
the operation was converted to the trans-peritoneal approach.
Another patient was converted from TAPP to the open pro-perito-
neal approach because of technical failure. Two patients had
recurrence of the hernia: one patient of the TAPP group hadTable 2
Operation time.
Pro-
peritoneal
Lichtenstein TAPP TEP Test of sig.
Time 54.5þ 13.2 34.21þ 23.5 96.12þ 22.5 77.4þ 43.21 t¼ 3.891a,
p< 0.001
a Comparing laparoscopic approaches to open approaches.immediate postoperative persistence of his hernia. Having two
recurrences in such a small series should be borne in mind while
interpreting the results. This was due to incomplete separation of
the peritoneum from its attachment to the lateral edge of the
internal ring. Another patient of the TEP group had a recurrence
2 weeks after his operation. Overall, there was no signiﬁcant
difference in the incidence of complications among the studied
groups (Table 4).
The majority of the patients in all study groups stayed in the
hospital for one day. Two patients stayed for more than two days:
one patient in the Lichtenstein group had scrotal hematoma that
resolved on conservative treatment and one patient in the TAPP
group who developed severe groin pain immediately post-
operative. His painwas controlled only by regular administration of
parenteral analgesics. The length of hospital stay did not vary
signiﬁcantly among the four approaches as shown in Table 5.
The time lapse from the operation till regaining the normal
capacity to perform regular domestic activities is collectively
presented in Table 6. Laparoscopic operations were associated with
signiﬁcantly faster return to normal domestic activities compared
to open approaches, again with no difference between the two
laparoscopic approaches or the two open approaches. The length of
the sick leave for the operation followed an identical pattern
(Table 6).4. Discussion
The ideal method of hernia repair would cause minimal
discomfort to the patient, both during the surgical procedure and in
the postoperative course. It would be technically simple to perform
and easy to learn, would have a low rate of complications and
recurrence, andwould require only a short period of convalescence.
Finally, cost-effectiveness is important. Does laparoscopic hernia
repair meet these demands better than open methods?12 Hernia
repair is one of themost commonly performed surgical procedures:
approximately 600,000 procedures are performed annually in the
United States. A change in the cost for these procedures, therefore,
has a large economic impact on society.12 It has been estimated that
hernia repair causes the loss of 10 million working days each year,
at a cost that has not been deﬁned precisely, but is obviously
enormous.13,14
In spite of the relatively small number of patients included in
the current study, it showed signiﬁcant variation of the operating
time in favor of open repairs. Lichtenstein repair was signiﬁcantly
faster to perform. This reﬂects the relative simplicity of the latterTable 3
Pain scores.
Pro-
peritoneal
Lichtenstein TAPP TEP Test of sig.
Day 1 7.067þ 1.831 6.5þ 3.5 5.8þ 1.568 4.8þ 2.33 t¼ 3.424a,
p¼ 0.002
Day 2 4.933þ 1.624 4.63þ 2.22 4.133þ 1.125 3.98þ 4.35 t¼ 2.438a,
p¼ 0.020
a Statistically signiﬁcant.
Table 4
Complications.
Pro-peritoneal Lichtenstein TAPP TEP Test of sig.
Scrotal hematoma 1 0 1 0 MCp¼ 0.425
Wound infection 1 1 1 0
Groin pain 0 0 1 0
Conversion 0 0 1 1
Recurrence 0 0 1 1
Table 6
Return to normal domestic activities and work.
Duration
(days)
Pro-
peritoneal
Lichtenstein TAPP TEP Test of sig.
Domestic 12.27þ 3.535 12.11þ 4.23 9.8þ 5.979 7.53þ 3.65 t¼ 5.746a,
p< 0.001
Work 16.13þ 3.758 15.25þ 2.53 14.87þ 8.774 13.22þ 7.98 t¼ 5.774a,
p< 0.001
a Comparing laparoscopic approaches to open approaches.
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surgeon and the team with it. This has been noted by Kurzer who
stated that despite these clear beneﬁts and excellent results, open
pro-peritoneal mesh repair has not been widely adopted, in part
because of unfamiliarity with this approach.15 In a survey of
surgical practice 85 per cent of repairs for recurrent inguinal hernia
were open anterior procedures (76 per cent mesh and 9 per cent
non-mesh) and only 15 per cent were preperitoneal (9 per cent
laparoscopic and 6 per cent open preperitoneal).16 Since the setup
time was included, the operating time for the laparoscopic
approaches became further prolonged. Our results are supported
by most published reports that consistently state that laparoscopy
take longer to perform, again with no difference between TEP and
TAPP approaches.5,17 It is clear that there is a considerable learning
curve for laparoscopic repair, estimated by some to be at least
50 repairs.18–20 The UK Medical Research Council study concluded
that laparoscopic hernia repair had a lengthy learning curve and
should be performed only by individuals who have considerable
experience with the technique.21 In contrast, the learning curve of
the open pro-peritoneal approach is as short as 20 cases.22,23
Pain is a difﬁcult parameter to assess. Individual variation,
personal expectations and social implications all affect pain
perception and expression.24 This might explain the wide disparity
in the published reports. There is, however, signiﬁcant evidence to
support that laparoscopic approaches cause less postoperative
pain, at least in the immediate postoperative period.25
Hospital stay is an even more illusive parameter when used to
compare the efﬁcacy of surgical techniques. It is largely affected by
the trend in themedical practice, the local social traditions, the way
a given health system is being ﬁnanced and the patient housing
conditions. Hernia operations are currently performed as day
surgery, often under local anaesthesia. Introduction of laparoscopy
is unlikely to give better result. On the contrary, longer hospital stay
andmore re-admissions might be expected as laparoscopy prevails.
The general anaesthesia and the complicated nature of the lapa-
roscopic operations justify such expectations. To date, however,
most of the published data do not support this assumption. Yet, it
does not show any advantage of the laparoscopy either.26,27
Laparoscopic repairs cost more than open repairs. Much of the
extra cost is attributable to the longer duration of the surgical
procedure, which can be expected to decrease with increasing
experience. This extra cost is to be compensated by reducing the
loss of working days.12 The length of the sick leave after a hernia
operation is affected by the type of employment of the patient. Self-
employed patient tends to return towork earlier. It depends also on
the impression given to the patient by his physician, the general
attitude towards the operation and other variants. The results of theTable 5
Postoperative hospital stay (days).
Days Pro-peritoneal Lichtenstein TAPP TEP Test of sig.
One 22 21 22 24 t¼ 1.009, p¼ 0.320
Two 3 3 2 1
More 0 1 1 0present study show a signiﬁcantly shorter sick-leave period after
laparoscopy groups than in the open groups. This is in line with
earlier published randomized series.28–37 However, there are also
randomized studies that have not shown this favorable shortening
with the laparoscopic technique.25,38–40
Regaining the ability to perform certain domestic activities with
no undue discomfort might be a more accurate measure of post-
operative recovery. Vroonhoven et al. studied the performance of
abdominal muscular after inguinal hernia repair. Performance was
compromised at 1 week after operation but recovered by 6 weeks
after surgery. This indicates that patients should be physically able
to return to normal activity and work within 6 weeks regardless of
operative technique.41
In the present study, patients returned to normal domestic
activity signiﬁcantly sooner after laparoscopic repairs. This ﬁnding
was universal among the reported trials and was conﬁrmed by the
analysis by Memon et al. Subgroup analysis showed signiﬁcantly
earlier return to normal activity after either TAPP or TEP repair
compared with open repairs.42
The patients were followed up for of six months. This relatively
short follow up is useful in studying the postoperative course and
the pattern of recovery of the studied patients. We, however,
acknowledge that it is too short to determine the true recurrence of
the different techniques.
5. Conclusion
Laparoscopic hernia repair offers less postoperative pain and
faster recovery on the expense of longer operative time. TEP and
TAPP laparoscopic techniques gave similar results.Conﬂicts of interest
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